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VOICE ONSET TIME IN INDIVIDUALS WITH VOCAL HYPERFUNCTION 
JENNIFER ANNE HYLKEMA 
ABSTRACT 
Purpose:  The purpose of this study was to evaluate the etiology and physiology of vocal 
hyperfunction (VH) using the acoustical measure of voice onset time (VOT).  
Method: Twenty-eight women enrolled as participants in the study, including speakers 
with a diagnosis of VH (n=14), and age- and sex-matched control participants (n=14). 
Participants produced three repetitions of distinct VCV combinations of the vowels /α/ 
and /u/, and stopped voiced and voiceless cognates (e.g., /p/, /b/). Mean VOT was 
calculated for the three repetitions, and a coefficient of variation (CoV) was calculated 
for each set to determine variance of VOT. Two separate ANOVAs were completed for 
mean VOT and CoV of VOT with main effects of group, voiced vs. voiceless plosive, 
vowel, and place of articulation, and interactions between each variable and group. 
Results: The first ANOVA model revealed no differences in mean VOT between groups.  
The second ANOVA revealed statistically significant main effects between groups (p 
<.001) for the CoV data with a small effect size.  No interaction effects were significant 
for either model.  
Conclusion: We determined that CoV, a measure of variation in VOTs, was significantly 
different between healthy speakers and speakers with VH. These results provide further 
evidence of a speech-motor control deficit in individuals diagnosed with VH, in that they 
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Voice disorders are estimated to affect between 3–9% of the United States’ 
population at any given time (Ramig & Verdolini, 1998), with a lifetime prevalence rate 
of 29.9% (Roy, Merrill, Gray, & Smith, 2005).  Voice disorders affect individuals across 
the lifespan and often have negative economic and social impacts (Ramig & Verdolini, 
1998; Smith et al., 1996).  Vocal hyperfunction (VH) accounts for 8-37% of the voice 
disorder cases in otolaryngologic and speech treatment practices (Ramig & Verdolini, 
1998), making it one of the largest subclasses of voice disorders.  VH is defined as 
“conditions of abuse and/or misuse of the vocal mechanism due to excessive and/or 
‘imbalanced’ muscular forces” (Hillman, Holmberg, Perkell, Walsh, & Vaughan, 1989) 
and excessive laryngeal and paralaryngeal tension (Aronson, 1990; Dworkin, Meleca, & 
Abkarian, 2000; Koufman & Blalock, 1991; Morrison, Rammage, Belisle, Pullan, & 
Nichol, 1983; Roy, 2008).  However, the diagnosis and clinical management of 
individuals with VH is somewhat ambiguous.  VH assessment protocols are also not 
consistent across clinics and variation in treatment outcome measurement accuracy may 
be due to this ambiguity (Roy et al., 2013).   
Currently, VH has been divided into two distinct subclasses: primary and 
secondary VH.  Primary VH, also known as muscle tension dysphonia, has an unclear 
etiology, and does not have an association with organic changes to the vocal folds (Roy, 
Mauszycki, Merrill, Gouse, & Smith, 2007).  Therefore, primary VH has also been 
recently coined “non-phonotraumatic VH” (NPVH;Mehta et al., 2015).  VH can also be 




(PVHMehta et al., 2015), which some suspect may be due to a physiological 
compensatory response to the anatomic changes of the vocal folds.  Although these two 
subclasses exist, there is no accepted scientific reason as to why some individuals 
develop phonotraumatic lesions and others do not, though researchers think it may be a 
combination of vocal behavior and physical properties of the vocal folds themselves.  
Therefore, the etiology of VH and the best ways to quantitatively measure VH continues 
to require scientific inquiry.  Currently, the primary focus of most recent research is 
detecting the presence or absence of a voice disorder rather than focusing on voice 
disorder etiology and severity quantification (Roy et al., 2013).  Thus, it is necessary for 
researchers to explore the etiology of VH as well as assessment tools to quantify its 
severity, in order to have a better understanding of the physiological underpinnings of 
VH and to accurately track treatment outcomes (Ma & Yiu, 2006). The aim of this 
project is to evaluate an objective acoustic measure to provide more information on the 
etiology and development of VH. Through analysis of a phonemic acoustic measure, we 
believe we can provide more information on the reason VH develops and how it 
manifests physiologically. 
Subjective and Objective Assessment of Vocal Hyperfunction 
Presently, clinical diagnosis of VH mostly relies on subjective interpretation of 
perceptual changes in vocal quality and patient reported symptoms.  A commonly used 
clinical tool that relies on listener perception is the Consensus Auditory-Perceptual 
Evaluation of Voice (CAPE-V; Kempster, Gerratt, Abbott, Barkmeier-Kraemer, & 




perceptual features of voice including overall severity, roughness, breathiness, strain, 
pitch, and loudness.  The auditory-perceptual feature of strain is of particular interest, 
given that it is a prominent voice symptom in individuals with VH (Rosen & Simpson, 
2008; Solomon, 2008).  However, strain has been described by experienced raters as the 
least salient parameter out of the six listed above (Zraick et al., 2011) and has 
demonstrated low intra- and inter-rater reliability compared to other parameters on the 
scale (Kelchner et al., 2010; Zraick et al., 2011).  Therefore, the use of CAPE-V as a 
measure to diagnosis and then track clinical progress over time is limited and may 
provide unreliable data when used alone.  Using a perceptual measure in conjunction with 
an objective measure may then be necessary in order to obtain all of the essential 
information needed for a clinical diagnosis (Bhuta, Patrick, & Garnett, 2004).   
Acoustic measures are easily gathered and therefore commonly used during voice 
assessments as a way to objectively diagnosis and/or quantify the severity of voice 
disorders.  Common acoustic measures include fundamental frequency, cepstral peak 
prominence, and spectral tilt (Maryn & Weenink, 2015), as well as maximum phonation 
time (Hirano, Koike, & von Leden, 1968), and s/z ratio (Eckel & Boone, 1981).  Yet, no 
single acoustic measure has correlated with the perceptual judgement of strain (Bhuta et 
al., 2004).  Other avenues used to assess VH include surface electromyography and 
laryngeal palpation; however, both yield conflicting results regarding their accuracy in 
diagnosing tension  (Stepp, Heaton, Braden, et al., 2011; Stepp, Heaton, Jette, Burns, & 
Hillman, 2010; Stepp, Heaton, Stadelman-Cohen, et al., 2011; Van Houtte, Claeys, 




In sum, several issues are present regarding the current measures used to diagnose 
VH.  Additionally, no single measure discussed above provides any information about the 
etiology and pathophysiology of VH.  Therefore, utilizing a measure that could provide 
more information regarding the physiological profile of VH could potentially assist in the 
clinical diagnosis of VH, which could result in providing more appropriate treatment and 
a more effective way to monitor changes throughout voice therapy.  
Etiology & Pathophysiology of Vocal Hyperfunction 
Due to the ambiguity surrounding the development of VH, we have developed 
two hypotheses regarding the etiology and physiology of this voice disorder.  The first 
hypothesis proposes that individuals with VH have excessive tension in the vocal 
mechanism, specifically, the intrinsic and extrinsic laryngeal muscles.  Excessive 
laryngeal tension could result in dysphonia, odynophonia, and fatigue so often reported in 
these speakers (Stemple, Roy, & Klaben, 2014).  The second hypothesis is based off of 
more recent work proposing that VH develops from an impairment in speech motor 
control. Recent work postulates that a precipitating event leads to a behavior pattern in 
speakers with VH,  that then persists due to impaired ability to update feedforward 
control over the vocal system (Stepp et al., 2017).  In these cases, the speaker would 
develop an adaptive behavior and continue to use this adaptive behavior when no longer 
needed (e.g., after laryngitis), which researchers believe may be due to a wider range of 
acceptable voicing “targets.”  It is important to note that it is possible for both of these 
hypotheses to be true, with an impairment in speech motor control presenting as 




regarding the physiological underpinnings of VH, which can in turn aid in developing 
more appropriate treatment targeting VH.  We aim to evaluate both of these hypotheses 
using a single acoustic measure: voice onset time (VOT).   
VOT refers to “the interval between a burst’s release and the beginning of quasi-
periodic vocal fold vibrations” or “the time between the release of the oral constriction 
for plosive consonant production and the onset of vocal fold vibration” (Lisker & 
Abramson, 1964).   VOT is used to distinguish voiceless and voiced stop consonants in 
the English language (Lisker & Abramson, 1964; Zlatin, 1974).  Additionally, VOT is the 
only voice measure that can be used to distinguish one phoneme from another in English, 
as it plays a major role in distinguishing voiced and voiceless stops (Klatt, 1975; Lisker 
& Abramson, 1964, 1967; Zlatin, 1974).  Because voiced stop consonants have shorter 
VOTs when compared to voiceless VOTs (Ferrand, 2013).  Other acoustic measures, 
such as loudness and pitch, are considered suprasegmentals since they help change the 
intonation, emphasis, and pragmatics of speech, but do not change phonemes themselves 
and thus do not change the explicit meaning; though, this is not the case in all languages.  
For example, tone languages, such as Mandarin and Vietnamese, use small variations in 
pitch to change the meaning of the word.  Languages such as Swedish and Norwegian, 
rely on varying stress of syllables, known as pitch accent, to distinguish words.  
Therefore, VOT is a valuable and unique acoustic measure for the English language.   
Several factors can affect VOT and its variability, such as place of articulation 
(Lisker & Abramson, 1964), phonemic environment (Higgins, Netsell, & Schulte, 1998; 




Hixon, 1993), age (Sweeting & Baken, 1982), speaking rate (Kessinger & Blumstein, 
1997, 1998), speaking task (Baran, Laufer, & Daniloff, 1977; Kessinger & Blumstein, 
1997; Lisker & Abramson, 1967), fundamental frequency (McCrea & Morris, 2005), and 
hearing status (Harris, Rubin-Spitz, & McGarr, 1985; Huntington, Harris, & Sholes, 
1968; Lane & Perkell, 2005; Metz, Schiavetti, Sitler, & Samar, 1990; Munhall, 1989; 
Rothman, 1977; Ryalls & Larouche, 1992).  The latter two factors are of particular 
interest, given their potential bearing on the pathophysiology of VH.    
Fundamental frequency has been deemed a significant factor affecting VOT 
(McCrea & Morris, 2005).  McCrea and Morris (2005) found that voiceless stop 
consonants had shorter corresponding VOTs when healthy adult male speakers produced 
the target sentences at higher fundamental frequencies than the pitch of their typical 
speaking voice.  Fundamental frequency is dependent on the rate of vocal fold vibration, 
and therefore reliant on the length, mass, and tension of the vocal folds (van den Berg, 
1958).  Collectively, this information has led to the association between fundamental 
frequency variation and changes in underlying laryngeal muscle tension.  It is believed 
that higher fundamental frequency requires increased vocal fold tension by utilizing the 
cricothyroid, thyroarytenoid, and suprahyoid muscles (Stemple et al., 2014).  This results 
in higher pitch and more tension (Lofqvist, Baer, McGarr, & Story, 1989; Stevens, 1977), 
which has been identified as a primary contributor to VH (Aronson, 1990; Dworkin et al., 
2000; Koufman & Blalock, 1991; Morrison et al., 1983; Roy, 2008).  Therefore, our first 
hypothesis is that individuals with vocal hyperfunction will have shorter VOTs during 




increased laryngeal muscle tension. 
Several acoustical, perceptual, and physiological similarities have been noted 
between individuals with VH and individuals with hearing loss, which drives our 
hypothesis regarding larger acceptable auditory targets in individuals with VH.  
Similarities between these two populations include perceptual observations of deviant 
vocal qualities, including vocal strain and breathiness (Arends, Povel, Van Os, & Speth, 
1990; Forner & Hixon, 1977; Higgins, Carney, & Schulte, 1994; Read, 1989). Both 
groups of individuals may also have higher laryngeal resistance, which is equal to the 
ratio between subglottal pressure and phonatory air flow (Higgins et al., 1994), indicating 
dyscoordination or dysregulation of the larynx (Forner & Hixon, 1977; Itoh, Horii, 
Daniloff, & Binnie, 1982; Lane, Perkell, Svirsky, & Webster, 1991; Metz, Whitehead, & 
Whitehead, 1984).  Given these similarities in symptoms between individuals with VH 
and individuals with hearing loss, it may suggest potential similarities in their underlying 
vocal control mechanisms.   
The Directions Into Velocities of Articulators (DIVA) model of speech 
production is a computational model of speech acquisition and production that helps 
improve our understanding of the neural mechanisms that underlie speech motor control 
(Guenther, 2016).  The model provides a framework to understand how speech is first 
learned and then produced, and then how deficits within that system may manifest in 
disorders (e.g., VH, hearing impaired). The DIVA model consists of highly integrated 
feedforward and feedback control subsystems that are necessary to learn and produce 




from hearing speech sounds in their environment. These speech sound maps then drive 
the feedforward system that results in speech production, or velocity profiles, as they are 
referred to, which are responsible for producing the motor commands for speech.   The 
speech sound map also contributes to the feedback control processes, with connections to 
auditory and somatosensory target maps (what we hear and feel during speech).  These 
particular projections encode the sensory targets associated with the speech sound map.  
For the purpose of the current project, we focused on the auditory targets which are 
compared to the auditory feedback speakers receive during speech.  When hearing 
individuals receive auditory feedback that does not fall within the expected target region, 
the error causes a gain in the feedforward system to correct the new output. 
Given that prelingually deaf speakers have not had the opportunity to acquire 
suitable representations of speech sounds, nor the opportunity to calibrate the relationship 
between their motor programs and the acoustic consequences of those programs (i.e. 
adequate acoustic feedback), it is not surprising that impaired feedback and feedforward 
integration is suggested in this population (Lane & Perkell, 2005; Perkell et al., 2000) 
(Guenther, Ghosh, & Tourville, 2006).  Many studies have supported this hypothesis and 
have found reduced voicing contrasts (Lane & Perkell, 2005), acoustic variability in 
phonemes (Perkell, 2012), and heightened VOT variability within (Harris et al., 1985) 
and among speakers who are prelingually deaf (Huntington et al., 1968; McGarr & 
Campbell, 1995; Metz et al., 1990; Munhall, 1989; Rothman, 1977; Ryalls & Larouche, 
1992); the latter, of which, is particularly relevant to our study.  While individuals with 




population inappropriately responds to auditory feedback (Stepp et al., 2017).  Using a 
fundamental frequency perturbation paradigm, individuals with healthy voices and 
individuals with VH were instructed to produce sustained vowels while their auditory 
feedback was perturbed over small increments, so that they were unaware of the changes.  
When one’s auditory feedback is perturbed to a slight shift up in fundamental frequency, 
the accepted normal response is to shift one’s own fundamental frequency down, which is 
known as a “compensation response” (Burnett, Feedland, Larson, & Hain, 1998; Keough 
& Jones, 2009; Patel, Niziolek, Reilly, & Guenther, 2011).  Results revealed that 
individuals with VH followed the direction of the perturbation rather than exhibiting 
compensatory adaptive responses as seen in the individuals with healthy voices.  Stepp et 
al. (2017) suggested that these findings may indicate that individuals with VH have 
disordered auditory-motor integration, with inappropriate updating and maintaining of 
feedforward vocal control based on auditory feedback.  Therefore, given this study’s 
results and the potential similarities between individuals with VH and individuals with 
hearing impairments, we hypothesized that individuals with VH would exhibit similar 
variability in their VOT times to individuals with hearing impairments due to a larger 
range of acceptable voice targets.  This would manifest as larger variability seen in 
extracted VOTs. 
Research Questions and Hypotheses 
Currently there is a need to develop a framework for the etiology of VH (Stepp et 
al., 2017).  We propose to use VOT as a measure to inform the underlying 




“targets” with phonemically relevant information.  The aim of this project was to improve 
our current understanding of the physiological profile of VH which could ultimately 
provide information for diagnostics and treatment of VH, as well as prevention in at risk 
populations.  We addressed that aim through the following hypotheses: 
 
Hypothesis #1: Individuals with VH have shorter VOTs for voiceless consonants 
compared to individuals who are vocally healthy. If the data support this hypothesis, we 
suspect that it is due to excessive laryngeal tension impacting vocal fold vibratory timing.  
Hypothesis # 2: Individuals with VH have significantly more VOT variability compared 
to healthy individuals.  If the data support this hypothesis, we postulate that it is due to 
disordered auditory-motor integration, with inappropriate updating and maintaining of 
feedforward vocal control based on auditory feedback. 
Hypotheses 1 & 2: Individuals with VH show larger variability as well as shorter VOTs 
for voiceless consonants.  If the data support both hypotheses, we postulate that it is due 
to increased tension in the presence of auditory motor integration deficits, which would 







The participants in this study were from an existing database of voice samples 
collected for a larger study at Boston University between 2016–2018.  Informed consent 
was obtained prior to participation, in compliance with the Boston University 
Institutional Review Board. Participants were placed into two groups: speakers with 
healthy voices and those with VH. Speakers with healthy voices, the control group of the 
study, were comprised of vocally healthy women between the ages of 20–71 years.  
These participants spoke Standard American English and had no history of speech, 
language, or hearing disorders, or any other known condition affecting vocal function 
(e.g. neurological disorders).   
The group of participants with VH was comprised of women between the ages of 
20–74 years and were matched based on age (+/- 5 years).  These participants spoke 
Standard American English and self-reported no history of hearing loss.  The diagnosis of 
vocal hyperfunction was completed by a fellowship-trained laryngologist at Boston 
Medical Center through visualization of the larynx with flexible nasendoscopy with 
stroboscopy.  Additionally, a certified speech-language pathologist listened to each of the 
sound samples to confirm that these individuals are dysphonic.  All participants filled out 
the Voice Related Quality of Life (V-RQOL; Hogikyan & Sethuraman, 1999)) survey 
and their scores are reported.  Inclusion criteria included those individuals with primary 
VH (i.e., muscle tension dysphonia) or secondary vocal hyperfunction (e.g., vocal 




Table 1. Characteristics for participants with voice disorders and control participants. 
Participant Diagnosis Age VRQOL 
VH1 Nodules 20 24 
VH2 Nodules 31 25 
VH3 Nodules 52 24 
VH4 MTD 63 20 
VH5 MTD 28 14 
VH6 MTD 42 23 
VH7 MTD 66 22 
VH8 MTD 43 12 
VH9 MTD 25 10 
VH10 MTD 39 15 
VH11 MTD 35 14 
VH12 Nodules 21 21 
VH13 MTD 40 24 
VH14 MTD 74 17 
    
C1 Control  28 12 
C2 Control 25 10 
C3 Control 26 10 
C4 Control 20 11 
C5 Control 21 11 
C6 Control 62 11 
C7 Control 71 10 
C8 Control 66 11 
C9 Control 36 10 
C10 Control 57 10 
C11 Control 34 11 
C12 Control 37 * 
C13 Control 42 10 
C14 Control 33 10 
Note. MTD = Muscle Tension Dysphonia; VRQOL = 
Voice Related Quality of Life; * = VRQOL rating not 
available; VH = Vocal Hyperfunction; C = Control 
 
Data Acquisition and Recording Equipment 
Acoustic recordings were completed at two separate locations, Boston University 
or Boston Medical Center.  At Boston University, acoustic recordings were made in a 
sound treated room using a headset microphone (WH20; Shure, Niles, IL) with SONAR 




a quiet environment using a headset microphone (WH20; Shure), which was connected to 
a handheld digital audio recorder (H4N Handy Portable Digital Recorder; Zoom, 
Hauppauge, NY).  Additionally, both settings used a Knowles BU-21771 miniature 
accelerometer (Knowles Acoustics, Itasca, IL).  Given that the accelerometer signal can 
be used as a reliable means of voicing detection and is less affected by environmental 
noise, it provided additional information when used in conjunction with the microphone 
(Cheyne, 2002; Mehta, Zanartu, Feng, Cheyne, & Hillman, 2012; Popolo, Svec, & Titze, 
2005).  The microphone and accelerometer signals in both settings were digitized at a 
sampling rate of 44,100 Hz and a resolution of 16 bits.  
Regardless of location, all participants underwent the same equipment set-up and 
speech protocol. The headset microphone was placed 7 cm away from the participant’s 
lips at a 45 degree angle from midline.  The accelerometer was placed above the 
participant’s sternal notch but below the cricoid cartilage, and held in place via double-
sided adhesive and medical tape.  Each participant was instructed to read the same set of 
stimuli in her typical pitch and loudness.  The stimuli consisted of the unvoiced stop 
consonants /p/, /t/, and /k/ and their voiced cognates /b/, /d/, /g/, respectively, in VCV 
utterances in which the vowel was /α/ or /u/.  The VCV syllables were set in the carrier 
phrase “Say VCV again,” with stress on the first syllable (e.g. “Say /αpα/ again.”).  Each 
utterance was repeated three times, for a total of 36 utterances for each participant.  The 
experimenter modeled the utterances for the participant prior to the recording.  During the 
recording, if any stimulus was incorrectly produced (e.g. incorrect stress pattern, 






All recordings were analyzed using Praat acoustic analysis software (Version 
6.0.19).  VOT was measured by visually inspecting the acoustic waveform, sound 
spectrogram, and neck accelerometer signals.  In accordance with previous research, 
markers were placed at the onset of the noise burst of each stop consonant and at the 
point of steady-state vocal vibration (Francis, Ciocca, & Yu, 2003; McCrea & Morris, 
2005).  The steady-state vibration was determined using the appearance of the first 
downward peak of the complex acoustic waveform at the point where it crosses the x-
axis, combined with assistance from the acceleration waveform (see Figure 1).  VOT 
measurements were rejected by the researcher if the phoneme was misarticulated or 
phonemically ambiguous. 
Figure 1. An example of extracting the voice onset time (VOT) using the acoustic (top) and 
accelerometer (bottom) waveform.  This is during the production of /utu/ by a healthy control 















Reliability Procedures and Statistical Analysis 
 In order to determine intrarater reliability, approximately 17% of the total sample 
(four participants’ productions; two control, two VH) were chosen at random and re-
analyzed by the same author (J.H.) at least one month after the original extraction.  VOTs 
were re-measured during 72 instances for the control group and 72 instances for the VH 
group. The re-measured VOTs were compared to the original VOT measurements by 
means of a two-way intraclass correlation (ICC) analysis for consistency.  Additionally, 
the same number of VOTs were measured for both groups by another research assistant 
to determine interrater reliability.  These VOT measurements were also then compared to 
the original VOT measurements by means of ICC analysis.  The ICC values for interrater 
and intrarater reliability were ICC(2,1) = .97 and .99, respectively, both considered 
excellent (Koo & Li, 2016). 
Statistical analyses were performed using Minitab Statistical Software (Version 
17; Minitab Inc., State College, PA).  Two separate ANOVAs were completed. The first 
ANOVA addressed research question one, which sought to determine whether there were 
significant differences in VOT in individuals with VH and in healthy control speakers. 
The dependent variable was the average VOT across each of the three repetitions of the 
utterance per speaker.  The second ANOVA addressed research question two, to 
determine whether the standard deviations of VOTs were significantly different between 
the two groups.  The dependent variable was the standard deviation of each participant’s 
averaged VOT (since they are averaged over three repetitions).  Since voiceless 




coefficient of variation (CoV) was used to assist in normalizing the standard deviation. 
The CoV formula is as follows: CoV= σ / μ and was calculated for each VOT.  In this 
formula, the standard deviation (σ) of the set (e.g. “apa”) was divided by the mean (μ) of 
the set in order to calculate value that is not biased by larger or smaller means.  The CoV 
was used to examine the variability of VOTs across different speakers and tasks.  The 
CoV was the dependent variable in the second model.  For both ANOVA models, we 
examined the main effects of group, voicing, vowel, and place of articulation, as well as 
the interaction between these factors and group. Significance was set a priori at p < .05 




Speakers produced a total of 1008 voice stimuli recordings for analysis (28 
participants × 2 vowels × 3 places of articulation × 2 voiced/unvoiced distinctions × 3 
productions of each utterance).  The three productions of each stop were then averaged 
together and standard deviations were calculated, resulting in a potential total of 336 
mean VOTs and 336 standard deviations.  CoVs were then calculated to normalize the 
standard deviations to their associated means.  Missing values in the present study 
occurred when fewer than two values were available for determining average and 
variance.  The missing data points accounted for 4% of all possible values.  Nine of the 
fifteen missing values were from the VH group and all but one of the missing values were 




averaged across the three repetitions for each participant, a total of 321 means and 321 
CoVs were analyzed (336 – 15 missing values).  Table 2 provides the mean and SD of 
VOT values for voiced and voiceless stops for both groups.   
Table 2. Summary of mean voice onset times (VOT) and coefficient of variances (CoV) with 
their respective SDs (ms) for voiced and voiceless phonemes across groups. 
 Voiced Stops Voiceless Stops 
Group Mean VOT (ms) CoV Mean VOT (ms) CoV 
Control 15 (7) 0.193 (.130) 61 (25) 0.116 (.089) 
VH  18 (9) 0.271 (.184) 62 (25) 0.158 (.139) 
Note. VH = Vocal hyperfunction.  
 
Statistical Modeling 
To address research question one, an ANOVA was completed to compare the 
differences between the average VOTs in healthy and VH speakers.  Results indicated 
statistically significant main effects of place of articulation (p < .001), vowel (p < .001), 
and voiceless vs. voiced stops (p < .001), with medium and large effect sizes of ηp
2 =.23, 
ηp
2 =.21, and ηp
2 =.72, respectively (Witte & Witte, 2010).  No significant differences 
were observed between the VH and control group (p = .215) and the interaction effects 
between group and place of articulation, vowel, and voicing were not significant (p = 
.770, p = .964, p = .693, respectively).  
 Similarly, to address the second hypothesis, a second ANOVA was completed to 
compare the differences between the CoVs of VOTs in healthy and VH speakers.  In 
order to meet the ANOVA assumption of normality, the CoV of VOT data were 
transformed using an arcsine transformation (Johnson, 2008). The arcsine transformation 




articulation (p < .001), voiceless vs. voiced stops (p <. 001), and group (p <. 001) were 
observed with the CoVt data.  The main effect of group demonstrated larger CoVt values 
in the VH group than the controls.  Once again, the interaction effects between group and 
place of articulation, vowel, and voicing were not significant (p = .457, p = .171, p = 
.311, respectively).  The effect sizes for group, voicing, and place of articulation were 
considered small (ηp
2  = .04) and medium (ηp
2 = .10; ηp
2 = .13), respectively (Witte & 
Witte, 2010).  Table 3 provides the statistical results of each model including calculation 
and interpretation of effect sizes.  Figure 2 and Figure 3 provide boxplot distributions of 





Table 3. Results of two separate two-factor repeated measures analysis of variance.  Effect sizes 



















1 1.55 0.215 -- -- 
Pl of Artic 
 
2 47.05 <0.001* .23 Medium 
Vowel 
 
1 83.51 <0.001* .21 Medium 
Voicing 
 
1 794.01 <0.001* .72 Large 
Group × Pl of 
Artic 
2 0.26 0.770 -- -- 
Group × Vowel 1 0.00 0.964 -- -- 






Group 1 14.29 <0.001* .04 Small 
Pl of Artic 2 17.83 <0.001* .10 Medium 
Vowel 1 3.60 0.059 -- -- 
Voicing 1 43.75 <0.001* .13 Medium 
Group × Pl of 
Artic 
2 0.78 0.457 -- -- 
Group × Vowel 1 1.89 0.171 -- -- 
Group × Voicing 1 1.03 0.311 -- -- 
Note. Group consists of individuals with VH and healthy speakers. Voicing consists of stop-plosives 
that are voiced and voiceless. Vowel consists of /a/ and /u/.  Pl of Artic = place of articulation.  Place 
of articulation consists of bilabials (/p/ & /b/), alveolars (/t/ & /d/), and velars (/k/ & /g/).  ANOVA = 
Analysis of Variance. VOT = Voice Onset Time. CoVt = arcsine transformed coefficient of variation. 






Figure 2. Boxplot of voiceless and voiced average voice onset time (VOT) by participant group 































Figure 3. Boxplot of voiceless and voiced CoV by participant group of healthy and vocal 







































Current measures used to assess VH typically involve subjective interpretation 
and objective measures, such as fundamental frequency and cepstral peak prominence.  
However, several issues exist with these measures and none of them provide information 
regarding the etiology and pathophysiology of VH. The purpose of this study was to 
compare VOTs between individuals with VH and individuals with healthy voices in order 
to provide more information regarding the physiological profile of VH.   
The average VOT values shown in Table 2 are similar to data from previous 
work, which is approximately 12–30 ms for voiced stops and 54–85 ms for voiceless 
stops (Lisker & Abramson, 1964; Morris, McCrea, & Herring, 2008), with our values 
falling at the lower end of the normal range.  This may be due to the utilization of the 
accelerometer signal, which provided a more reliable means of voicing detection when 
used in conjunction with the microphone signal.  Given the accelerometer signal is less 
affected by background noise and aspiration noise, the first periodic cycle is much more 
apparent and occurred slightly prior to what was deemed to be the first periodic cycle in 
the acoustic waveform.  Additionally, the use of the accelerometer may have contributed 
to our high ICC values for inter- and intra-reliability (.97, .99, respectively).  Our values 
were consistent with or higher than the values calculated in previous work, which have 
ranged from .94-.99 and .92-.99 for inter- and intra-judge reliability, respectively (Hoit et 
al., 1993; McCrea & Morris, 2005; Ryalls, Zipprer, & Baldauff, 1997; Yanagida, 
Nishizawa, Mizoguchi, Hatakeyama, & Fukuda, 2015). 




voiceless consonants compared to individuals who are vocally healthy, due to excessive 
laryngeal tension impacting vocal fold vibratory timing.  This hypothesis was not 
supported; the results revealed that mean VOTs were not different between the two 
groups.  We also hypothesized that individuals with VH would have significantly more 
VOT variability compared to healthy individuals due to disordered auditory-motor 
integration, with inappropriate updating and maintenance of feedforward vocal control 
based on auditory feedback. This hypothesis was supported; the ANOVA revealed a 
significant main effect of group, indicating that individuals with VH had significantly 
more variability in their VOT measures compared to healthy controls. 
VH as a Result of Increased Tension 
Our first hypothesis stemmed from the McCrea and Morris (2005) study, which 
reported shorter VOTs during voiceless stops when individuals spoke at a higher 
fundamental frequency. The researchers had hypothesized that reduced duration in VOT 
was directly due to increased tension of the vocal folds.  Based on the findings in the 
present study, there was no group difference indicating that speakers with VH did not 
have elevated intrinsic laryngeal tension of the vocal folds.  That is in contrast to previous 
work identifying increased laryngeal tension as a primary contributor to VH (Aronson, 
1990; Dworkin et al., 2000; Koufman & Blalock, 1991; Morrison et al., 1983; Roy, 
2008).  However, it is possible that the tension observed in speakers with VH is not 
specific to the intrinsic laryngeal muscles that contribute to pitch. For example, the 
cricothyroid and thyroarytenoid muscles are the primary intrinsic muscles to increase 




that elevated extrinsic laryngeal muscle tension contributes to overall dysphonia in 
individuals with voice disorders (Aronson, 1990).  For example, the infrahyoid muscles 
are more active during the production of lower pitches by pulling the hyoid bone and 
larynx to a lower position in the neck (Stemple et al., 2014).  Another possibility is that 
intrinsic laryngeal muscle tension could be present in muscles such as the lateral 
cricoarytenoids, which are responsible for shortening and thickening the vocal folds 
(Stemple et al., 2014).  While increased tension may be present in these particular 
muscles, it may not manifest as an increase of fundamental frequency.  Although the 
current findings do not support that the speakers had increased intrinsic laryngeal tension 
of the muscles responsible for tensing and laxing the vocal folds, it is still possible that 
they had elevated tension of other intrinsic and extrinsic laryngeal muscles. VOT may not 
be able to capture this tension. However, it is important to note that this particular study 
did not directly measure laryngeal tension or fundamental frequency. 
VH as a Result of Disordered Auditory-Motor Integration 
We observed statistically significant differences in the CoVts between groups.  
CoVts in individuals with VH were larger compared to individuals who were vocally 
healthy.  Based on these experimental results, we suggest that individuals with VH may 
have disordered auditory-motor integration along with larger VOT targets.  We 
hypothesize that these speakers may have developed an adaptive behavior during the 
onset of the voice disorder, and continue to use this adaptive behavior due to a broader 
range of acceptable voicing targets.   




impairments are present in individuals with VH as Stepp et al. (2017) utilized a 
fundamental frequency perturbation paradigm to evaluate whether individuals with VH 
had disordered auditory-motor integration. The authors’ results suggested that a subset of 
individuals with VH had inappropriate updating and maintaining of feedforward vocal 
control based on auditory feedback.  Our results support the same supposition, with 
increased variability in measurable VOT targets, evidenced by statistically significant 
larger CoVts of VOTs in the VH group. 
 In order to examine this more closely, analysis of each individual’s variability 
was completed to determine if some speakers may be have contributed more to the 
elevated mean than others. The analysis of the individual speakers with VH in the present 
study revealed that two individuals in the VH group, both diagnosed with muscle tension 
dysphonia, had distributions of CoVs that were different than the rest of the VH 
participants.  For example, one VH participant had CoV values that encompassed a larger 
range when compared to other participants.  This individual had a range of CoV values 
from 0.004–0.875.  The average CoV value across all VH participants was 0.211.  The 
largest CoV value was on a production of the voiced bilabial stop (/b/) productions and 
the smallest CoV value was on the voiceless velar stop (/k/).  This suggests that some of 
their productions across phonemes were very consistent (i.e., 0.004), while others were 
highly variable (i.e., 0.875).  Additionally, the other VH participant was highly variable 
across all of her productions, given her much larger average CoV value when compared 
to the remaining participants (i.e. CoV average = 0.348).  The current findings and the 




disordered auditory-motor integration affecting voicing targets and leading to vocal 
variation. 
 To investigate the subtype question further, we wanted to examine individuals 
with VH’s average CoV of VOTs by their overall dysphonia severity (OS).  The author 
(J.H.) and two certified speech-language pathologists made judgements of each 
participant’s OS using CAPE-V during the production of a spontaneous speech sample.  
An ICC analysis for consistency was completed, with an ICC value for interrater 
reliability of .80, which is considered good. The three judges’ scores were then averaged 
to create an overall severity ranking for each participant and can be viewed in Table 4.  
As illustrated in Figure 4, a great deal of variability in CoV of VOT means was evident 
across participants.  Additionally, no apparent relationship between mean CoV of VOTs 
and OS is present.  We then wanted to examine individuals with VH’s average CoV of 
VOTs by their perception of their voice disorder by utilizing their V-RQOL scores.  As 
illustrated in Figure 5, there is also no apparent relationship between CoV of VOTs and 
V-RQOL scores is present.  Further research is needed to investigate sources of 





Table 4. Characteristics for participants with voice disorders, including overall severity (OS) of 
dysphonia. 
Participant Diagnosis Age VRQOL Averaged 
OS 
CoV 
VH1 Nodules 20 24 45.3 0.222 
VH2 Nodules 31 25 33 0.258 
VH3 Nodules 52 24 36 0.246 
VH4 MTD 63 20 53.7 0.203 
VH5 MTD 28 14 11.3 0.230 
VH6 MTD 42 23 21 0.348 
VH7 MTD 66 22 15 0.245 
VH8 MTD 43 12 27.3 0.164 
VH9 MTD 25 10 11.7 0.184 
VH10 MTD 39 15 32 0.155 
VH11 MTD 35 14 39.7 0.287 
VH12 Nodules 21 21 62 0.150 
VH13 MTD 40 24 17.3 0.126 
VH14 MTD 74 17 16 0.152 
Note. MTD = Muscle Tension Dysphonia; VRQOL = Voice Related 
Quality of Life; VH = Vocal Hyperfunction; CoV= Coefficient of 
Variance 
 
Figure 4. Coefficient of Variance (CoV) of participants with vocal hyperfunction (VH) as a 





















Figure 5. Coefficient of Variance (CoV) of participants with vocal hyperfunction (VH) as a 

















 These results also further validate the many similarities seen with individuals with 
VH and individuals with hearing loss that has been described previously.  Specifically, 
individuals with hearing loss have shown heightened VOT variability within (Harris et 
al., 1985) and among speakers who are prelingually deaf (Huntington et al., 1968; 
McGarr & Campbell, 1995; Metz et al., 1990; Munhall, 1989; Rothman, 1977; Ryalls & 
Larouche, 1992).  To summarize, individuals with hearing loss have varying values of 
VOTs within themselves, as well as varying values of VOTs when compared to other 
individuals with hearing loss. While the individuals with VH in this study did not have 
impaired hearing and therefore no impairments with their acoustic feedback, it may 
suggest similarities in their underlying vocal control mechanisms.  Individuals with VH 
may inappropriately update their feedforward vocal control based on auditory feedback, 
which presents similarly to individuals with hearing loss who have impaired auditory 




study to continue to understand and classify the compositions of the potential subgroups 
of VH.  
Distinguishing Between Phonotraumatic and Non-Phonotraumatic VH 
Several recent studies have utilized objective measures to help distinguish 
between phonotraumatic (PVH) and non-phonotraumatic VH (NPVH).  For example, one 
study found that sound pressure level (SPL)-normalized estimates of glottal aerodynamic 
measures could be used to identify pathophysiological phonatory mechanisms associated 
with the two primary manifestations of VH (Espinoza, Zanartu, Van Stan, Mehta, & 
Hillman, 2017).  The authors concluded that these measures are markedly different from 
vocally healthy voice function.   Another study utilized the acoustic measure of relative 
fundamental frequency (RFF) to distinguish between subtypes and concluded that 
significant differences were present between them (Heller Murray et al., 2017).  Both of 
these studies support that functional differences are present in addition to the more 
obvious structural differences between these two subtypes.  In order to address this 
possibility, we examined the average means and CoVs for each group of VH in our study 
(PVH; NPVH). Four individuals in our VH group were diagnosed with nodules and ten 
individuals did not have any changes to the vocal folds (i.e., NPVH).   Table 5 and Table 
6 provide a visual display of the mean (SD) VOT of each group.  Although there is a 
small sample size, there appear to be no differences between these two groups.  The 
voiceless data from both groups are almost identical. The voiced data trend towards 
higher values in the NPVH group, but once again, it is difficult to discern due to the small 




between NPVH and PVH, it may instead indicate that VOT is not a sensitive enough 
measure to detect these differences.  More research is needed to further explore the 
possible pathophysiological underpinnings of these two primary subtypes of VH.  
Table 5. Summary of mean voice onset times (VOT) and SDs (ms) for voiced and voiceless 
phonemes across VH subtypes.  Healthy control averages are added for comparison. 
 VOT (ms) 
Group Voiced Voiceless 
PVH 
(n = 4) 
17 (10) 63 (27) 
 
NPVH 













Table 6. Summary of the mean coefficient of variance (COV) and SDs for voiced and voiceless 
phonemes across groups. Healthy control averages are added for comparison. 
Group Voiced Voiceless 
PVH 
(n = 4) 
0.269 (.185) 0.157 (.150) 
NPVH 
(n = 10)  
0.290 (.200) 0.158 (.105) 
Control 
(n=14) 
0.193 (.130) 0.116 (.089) 
 
Limitations and Future Work 
This study was limited in its enrollment of female speakers only.  Due to the large 
variability known in VH (Baran et al., 1977; Harris et al., 1985; Higgins et al., 1998; Hoit 
et al., 1993; Huntington et al., 1968; Kessinger & Blumstein, 1997, 1998; Klatt, 1975; 
Lane & Perkell, 2005; Lisker & Abramson, 1964, 1967; McCrea & Morris, 2005; Metz et 
al., 1990; Munhall, 1989; Port & Rotunno, 1979; Rothman, 1977; Ryalls & Larouche, 
1992; Sweeting & Baken, 1982; Weismer, 1979) we decided to analyze VOT in a group 




voice disorders have reported that voice disorders are more common in women (Roy et 
al., 2004).  Due to samples chosen in this study, it is not yet clear if these results will 
generalize to male speakers, due to known anatomical and physiological differences in 
voice between men and women (Ryalls et al., 1997; Stemple et al., 2014) While this 
initial study shows promise, future studies should utilize a sample of women and men to 
assess differences in VOT across all possible speakers with hyperfunctional voice 
disorders.  
Additionally, speech recordings were made in different settings, including a sound 
treated room and a quiet workspace. While background noise was controlled to an extent, 
not all recordings were made in an ideal sound-proof environment.  Although this could 
have affected the acoustical signal, we do not suspect it influenced the results of our 
study. The interrater and intrarater reliability were high, likely due to the use of the neck-
surface accelerometer during our data capture and analysis, which has been shown to be 
impervious to background noise (Cheyne, 2002; Mehta et al., 2012; Popolo et al., 2005).  
We suggest that future studies consider using accelerometer data in addition to 
microphone signals for these possible benefits.   
Conclusion 
We determined that CoV, a measure of variation in VOTs, was significantly 
different between healthy speakers and speakers with VH. These results provide further 
evidence of a speech-motor control deficit in individuals diagnosed with VH, in that they 
may have more variable targets during voice production.  More experimental data is 




possible subtypes of VH.  We suspect that it may justify the need for an essential shift in 
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